Introduction
The dithiocarbamate functionality is known to exhibit many biochemical features [1] . Thus many new ligands have been designed to test various hy potheses regarding biological properties, in partic ular the fungicidal and pesticidal activity of their metal complexes [2] , To investigate this effect, a number of bimetallic dithiocarbamate complexes were synthesized and their thermal characteristics were investigated. This followed directly from our previous investigation on the thermal behaviour of metal ion-biomolecule systems [3] [4] [5] [6] .
Experimental
TG curves were recorded in air, up to 1273 K, at a heating rate of 8° min-1 using a Setaram G-70 thermoanalyser (Lyon, France). Sodium N-methylcyclohexyldithiocarbamate and sodium 
Results and Discussion

Z n C oL 4
The TG curve indicated that the decomposition began at 493 K and continued up to 603 K. The 57.8% weight loss over this temperature range cor responded to the formation of a mixture of Zn(SCN)2 and Co(SCN)2. The calculated weight loss for this step was 59.3%. In the temperature range 733-923 K, the metal thiocyanates decom posed to a mixture of ZnO and Co20 3.
Z nC uL4
The TG curve revealed a weight loss in the tem perature range 483-543 K. The observed weight loss of 61.6% corresponded to the formation of a mixture of Zn(SCN)2 and Cu(SCN)2. The calculat-ed weight loss for this step was 59%. The metal thiocyanates were converted to a mixture of ZnO and CuO in the temperature range 723-843 K.
N iZ n L ' 4
From the TG curve, it was observed that this complex was thermally stable up to 423 K. Beyond this temperature, the TG curve showed a weight loss up to 593 K, which corresponded to the for mation of a mixture of Zn(SCN)2 and Ni(SCN)2. The observed and calculated weight losses for this step were 65.2 and 61.7%, respectively. The thio cyanates began to decompose at 673 K and at 1013 K, the crucible of the thermobalance con tained a mixture of ZnO and NiO.
N iH gL4
The TG curve recorded a mass change of 71.7% in the temperature range 473-603 K. This corre sponded to the formation of a mixture of HgS and NiS, for which the theoretically calculated weight loss was 69.7%. Beyond 673 K, the metal sul phides were converted into the corresponding oxides. Simultaneously, HgO so formed began to volatilize. At 753 K, the crucible of the thermobal ance contained NiO.
The thermal data are presented in Table I . From the TG curves, the order n, and "activation ener gy" Ea of the thermal decomposition reaction have been estimated by the method of Coats and Redfern [8] , The linearization curves are shown in Fig. 1 . The order of reaction in each case is unity.
A comparison of the activation energy data for thermal degradation of the complexes revealed that the Ea values follow the order NiHgL4 > ZnCoL4 > ZnCuL4 > NiZnL4. The high Ea value of the NiHgL4 analogue may be explained on the basis of strong metal-ligand interactions. The mercury(II) ion is a soft acid [9] . The lower charge on the nickel(II) ion makes it polarizable and soft. Since the sulphur donor ligands, such as dithiocarbamates, are also known to be soft bases, the softsoft interactions in the NiHgL4 complex are quite strong; hence the exceptionally high value of Ea. The importance of soft-soft interactions is borne out by the fact that this complex undergoes ther mal decomposition to a mixture of HgS and NiS, while the remaining complexes decomposed to a mixture of metal thiocyanates. The cobalt(II) ion is larger in size, as compared to the copper(II) ion. Thus the former is a more soft acid than the latter. For this reason, the metalligand interactions in the ZnCoL4 complex are stronger than the corresponding interactions in the ZnCuL4 analogue. Accordingly, the thermal deg radation of ZnCoL4 derivative involves a higher value of "activation energy".
The copper(II) ion is a hard acid as compared to the nickel(II) ion. Therefore, the Ea value of the ZnCuL4 complex is expected to be lower than that of the NiZnL4 analogue. However, the reverse has been observed. The activation energy pattern in this case may be explained on the basis of steric factors. The ionic radii of the copper(II) and the nickel(II) ions are nearly the same (ca. 55 Ä) [10] . However, the N-ethylcyclohexyldithiocarbamate ligand is bulkier than the N-methylcyclohexyldithiocarbamate group. Thus, the thermal degrada tion of the NiZnL4 complex occurs more readily due to steric repulsions.
The apparent activation entropy A S has been calculated by the method of Zsako [11] . It has a positive value for all the complexes. The NiHgL4 complex has the highest value of z/S, while NiZnL4 has the lowest. Thus, the former decomposes with the greatest degree of randomness, while the latter decomposes with the least.
